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Abstract: We have recently proposed, in a paper published by the International Journal of Sciences, the use of some 
freely available image processing tools to enhance images of the fundus of the eye. In particular, we have discussed 
the use of GIMP, the GNU Image Manipulation Program, and of some wavelet filters and fractional gradient 
methods from other image processing programs. Here we propose GIMP to enhance the images given by panoramic 
radiography. This approach can produce an output image, which helps detecting faint details in such radiographic 
plates, which are quite important for dental treatments. Some case studies are discussed. 
 
Keywords: Image processing, Medical imaging, Panoramic Radiography, GIMP 
 
1. Introduction 
Medical imaging is a sub-discipline of the biomedical 
engineering, a new and rapidly evolving inter-
disciplinary field, which aims filling the gap between 
biology and several disciplines of engineering and 
applied science. It is therefore a branch of the applied 
science, mainly oriented to the medicine for both 
diagnostic and therapeutic purposes. In particular, the 
medical imaging is devoted to the study of non-
invasive techniques that aim obtaining images of 
some internal aspects of the body. Among the well-
known techniques of medical imaging, we have 
radiology, ultrasonography and magnetic resonance. 
These techniques comprise both technical aspects of 
data acquisition and problems connected with 
diagnostic interpretation.  
 
Imaging and image processing turn out to be valuable 
means to infer some properties of biological 
structures from the corresponding observed signals 
[1]. Sometimes, the raw images obtained from 
diagnostic equipment need an improvement. There 
are many resources useful for processing images, 
most of them freely available and quite friendly to 
use, that can help the user to separate the objects, 
relevant to the given study, from the background of 
the image. In a recent paper [2] for instance, we have 
proposed the use of some tools to enhance images of 
the fundus of the eye. In particular, we have 
discussed the use of GIMP, the GNU Image 
Manipulation Program, and the use of wavelet filters 
and fractional gradient tools from other image 
processing programs [3,4]. Here we propose GIMP to 
enhance the images given by panoramic radiography. 
This approach can produce an output image, which 
helps the detection of faint details in such 
radiographic plates. Some case studies are discussed. 
 
2.   GIMP software 
GIMP is a free and open-source software used for 
processing images and for free-form drawing. It is 
useful for resizing, cropping and converting images 
between different formats. It is also collecting several 
specialized tasks. GIMP is designed to be augmented 
with plug-ins and extensions, which can improve its 
functionality. 
 
According to the GIMP user manual, any image can 
be edited, considering it made of many layers in a 
stack. A GIMP image then is as a stack of 
transparencies, where each transparency is a layer. 
Each layer in an image is made of several channels. 
In RGB images, there are normally three channels, 
each consisting of a red, green and blue channel. 
Colour sublayers look like slightly different grey 
images; when put together, they make a complete 
image. A fourth channel can exist, the alpha channel, 
which measures the opacity of the image.  
A toolbox allows accessing the tools available for 
image editing. Among them, we find filters and 
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brushes, as well as transformation, selection, layer 
and masking tools. For what concerns colours and 
grey-tones of images, we can adjust brightness and 
contrast, and also change them with the Curves tool. 
Gradients are also integrated into the toolbox: there 
are a number of default gradients included with 
GIMP, such as Laplace and Sobel, suitable for edge 
detections. Moreover, GIMP has more than a hundred 
of standard effects and filters, including those 
supporting sharpening and blurring of images.  A part 
of them we can find in the GIMP Auto submenu. 
This submenu contains operations which 
automatically adjust the distribution of grey-tones, 
without requiring any input from the user. We can 
“Stretch Contrast”, “Stretch HSV” and “Normalize” 
the histogram (the reader can find more details in the 
tutorials at http://www.gimp.org). 
 
GIMP supports importing and exporting with a large 
number of different file formats, the GIMP's native 
format is designed to store all information GIMP can 
contain about an image. The software supports image 
formats such as BMP, JPEG, PNG, GIF and TIFF. 
Other formats with read/write support include 
PostScript documents and X bitmap images. It can 
import Adobe PDF documents and the raw image 
formats used by many digital cameras, but cannot 
save to these formats.  
 
3. Panoramic radiography 
The panoramic radiography of dental arches is a 
procedure that produces an image of the teeth, upper 
and lower jaws and jawbones on a single image. To 
obtain the projection of the dental arches, which are 
curvilinear structures, it is necessary to use X-ray 
techniques based on a rotating tube about the 
patient’s head. Let us note that panoramic 
radiography is a form of tomography and that these 
techniques can be compared [5]. In panoramic 
radiography, images of multiple planes are recorded 
to have a composite final image. Maxilla and 
mandible are into focus, whereas the structures that 
are superficial or deep inside are blurred. 
 
The panoramic radiography is an essential element in 
oral radiology and dentistry [6-8]. Its principle was 
described in 1922, but first commercially available 
machines are of the early 1960s [9]. Today, such 
radiographic devices, which are fundamental for an 
initial assessment of the state of teeth prior to a dental 
treatment, are rather common. After a panoramic 
image, the dentist can perform a more targeted intra-
oral radiography. Panoramic plates are also useful to 
evaluate the state of dentition in individuals in the 
age of development, to highlight any irregular tooth 
or impacted teeth and bone lesions. Moreover, they 
reveal inflammatory problems or cystic tumours. 
 
In the Figure 1, we can see in the upper panel, a basic 
panoramic radiograph image. The image is a courtesy 
of the Coronation Dental Specialty Group on 
Wikipedia. In the lower panel of the same figure, we 
can see the output of Sobel filter for edge detection of 
GIMP. This filter is detecting the edges of objects in 
the image: in this manner the endodontic, periodontal 
and coronal-radicular details are enhanced. Let us 
stress that a sequence of panoramic images can be 
interesting for the recording the evolution of teeth 
and the planning of their treatments. This is 
important, in particular for teeth that have suffered an 
endodontic treatments, such as root canal treatments, 
in their medical history [10]. 
 
In the Figure 2 we can see how the panels of Figure 2 
look like after an inversion of colour tones made by 
GIMP. In the lower panel of Figure 2, we can see a 
clear enhancements of the details of the roots of 
teeth. Panoramic images are also used for the mixed 
dentition, as shown in the Figure 3 (courtesy 
Coronation Dental Specialty Group on Wikipedia): in 
it, we can see the wisdom teeth buds. The image is 
processed using the Sobel filter: the result is shown in 
the lower panel with grey-tones inverted. 
 
Here in the following, we discuss some case studies 
where specific tools of GIMP are applied to enhance 
the details in images. 
 
3.1 Cysts of the jaws 
Bones of jaws, mandible and maxilla, are the bones 
of human body with the highest prevalence of cysts. 
Since these cysts rarely cause any symptoms [11], 
most are discovered during the panoramic 
radiography. In the X-ray images, cysts appear as 
radiolucent dark areas, that is, areas permitting the 
passage of radiant energy that have radiopaque white 
borders [12]. In the Figure 4 in fact, we see a cyst 
with the borders enhanced by the Sobel filter of 
GIMP. Let us emphasize that, with GIMP, we can 
select an area and process just the selected region. 
 
3.2 Stafne defects 
A Stafne defect, also known as Stafne bone cyst, is a 
depression of the mandible on the lingual surface, 
that is, the side nearest the tongue. The Stafne defect 
is thought to be a normal anatomical variant and does 
not represent a pathologic lesion. This defect is 
usually discovered by chance during routine dental 
radiography [13, 14]. 
In the Figure 5 we can see a panoramic radiograph 
showing Stafne defect in the right mandible, below 
the inferior alveolar nerve canal. The image is a 
courtesy of the Coronation Dental Specialty Group 
on Wikipedia. After selecting the part of the image 
containing the defect, we can apply GIMP Auto 
submenu. It contains operations which automatically 
adjust the distribution of grey-tones, without 
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requiring any input from the user. Here we show the 
results of “Stretch Contrast”, “Stretch HSV” and of 
“Normalize”. Using these automatic filters we can 
have some information on the density of bone near 
and inside the defect.  
 
3.3 Pattern of mental nerve 
As discussed in References 15 and 16, the pattern of 
mental nerve into the mental foramen is an important 
pre-surgical landmark in mandibular premolar 
regions. As panoramic radiographs are routinely used 
in pre-surgical evaluation, the researchers in [16], 
undertook a study to evaluate the reliability of 
panoramic X-ray machines for determination of the 
location of mandibular foramen. The study revealed 
that the most common pattern of entry of mental 
nerve was a straight one (about 79% of the total 
radiographs examined). 
 
The researchers in [16] tell that panoramic 
radiography may not be a very reliable imaging 
modality for identifying the presence of an anterior 
loop of the nerve, a condition which needs to be 
determined before planning the surgical procedures. 
In any case, we can try to enhance the images of 
nerve and mental foramen with GIMP. In Figure 6, 
we can see the mandibular canal after applying the 
GIMP Auto submenu “Equalize”, “White Balance” 
and “Stretch Contrast”. In the Figure 7, we can see an 
example of image enhancement obtained by GIMP 
Retinex. This tool improves visual rendering of an 
image when lighting conditions are not good. The 
algorithm, which is the root of Retinex filter, the 
MultiScale Retinex with Color Restoration algorithm, 
is inspired by the eye biological mechanisms to adapt 
itself to these conditions. The result of Retinex filter 
can be adjusted selecting different levels, scales and 
dynamics. In the Figure 8, we have another example 
of the use of Retinex. 
 
Retinex can be applied to the whole image, as 
proposed in the Figure 9: the enhancement of the 
mental canals in the output image is evident. 
 
4. Conclusion 
In this paper we have proposed the use of an image 
processing program to enhance the images obtained 
by means of X-ray panoramic radiography. Let us 
remark that several other researches on image 
processing for panoramic radiography are available 
in literature. For instance, image processing can be 
used to obtain a panoramic X-ray device suitable for 
complete maxillofacial diagnoses, extending 
therefore the diagnostic coverage of panoramic 
images [17].  In [18], the image processing is used to 
enhance the images, when a reduction of the radiation 
dose is required, and in [19], an appropriate approach 
for the robust estimation of noise statistic in dental 
panoramic X-rays images is given. Here, aiming to 
reach a large audience, we have proposed the use of a 
program, the GIMP, which is freely available on the 
web. In the paper we have shown that GIMP has 
several tools which can be quite useful to enhance 
and investigate the details of panoramic images. 
Some of them are able of automatically adjust the 
distribution of grey-tones, without requiring any 
input from the user. These are, of course, the simplest 
to use in preliminary investigations. In the case of the 
analysis of mental canal and foramen, Retinex seems 
to be the tool providing the best results.    
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Figure 1 - In the upper panel, we can see a basic panoramic radiograph showing impacted wisdom teeth in a 16 year 
old. The image is a courtesy of the Coronation Dental Specialty Group on Wikipedia. In the lower panel, we can see 
the image obtained using the Sobel filter for edge detection of GIMP. 
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Figure 2 - In the upper panel, we can see the panoramic radiograph of Figure 1 with inverted color tones, as 
obtained by GIMP. The same for the lower panel, showing the edge detection. Note the details of the roots of teeth.  
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Figure 3 – In the upper panel we can see a panoramic radiograph which is showing the mixed dentition of a nine 
year old child (courtesy Coronation Dental Specialty Group on Wikipedia). We can see also the wisdom teeth buds. 
The image is processed using the Sobel filter. The final result is proposed with the grey-tones inverted. 
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Figure 4 - In the upper panel, we can see a basic panoramic radiograph showing  a jaw cyst in the right mandible 
and an impacted wisdom tooth. The image is a courtesy of the Coronation Dental Specialty Group. GIMP allows 
selecting an area and processing just the selected region. In the middle, we can see the use of Sobel filter in this area. 
In the lower panel, the upper and middle panel are superimposed. In fact, GIMP is considering an image as a set of 
layers which can be independently manipulated. 
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Figure 5 - This is a panoramic radiograph showing Stafne defect in the right mandible, below the inferior alveolar 
nerve canal. The image is a courtesy of the Coronation Dental Specialty Group on Wikipedia. Stafne defect is 
thought to be a normal anatomical variant. After selecting the part of the image containing this defect, we can apply 
GIMP Auto submenu. It contains operations which automatically adjust the distribution of grey-tones, without 
requiring any input from the user. Here we show the results of  “Stretch Contrast”, “Stretch HSV” and of 
“Normalize”. 
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Figure 6 – Panoramic radiographs are routinely used in pre-surgical evaluation. In them, the pattern of  mandibular 
canal and the mental foramen are important landmarks. We can try to enhance the related images using GIMP; here 
an example from the panoramic image of Figure 5, a courtesy of  the Coronation Dental Specialty Group on 
Wikipedia. We can see the mandibular canal. After selecting the part of the image containing this canal, we can 
apply the GIMP Auto submenu. Here we used “Equalize”, “White Balance” and “Stretch Contrast”. 
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Figure 7 – To enhance the pattern of the mandibular canal and to see the mental foramen,  we can use another 
GIMP tool,  the “Retinex” tool.  Retinex improves visual rendering of an image when lighting conditions are not 
good. The algorithm, which is the root of the Retinex filter, the MultiScale Retinex with Color Restoration 
algorithm, is inspired by the eye biological mechanisms to adapt itself to these conditions.  In this figure, Retinex is 
applied to  the whole image (middle) and to a part of it (bottom). The original image (top) is that of Figure 1, a 
courtesy of the Coronation Dental Specialty Group on Wikipedia. 
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Figure 8 – Another image of mandibular canal and mental foramen.  We can see the different results obtained  by 
the GIMP Auto submenu for “Equalize” and “White Balance”, and by the “Retinex” GIMP  tool.  The original 
image is a courtesy of Wikipedia User Werneuchen.  
 
 
 
Figure 9 – This is the panoramic image of Figure 1, as we can see it after applying the “Retinex” GIMP  tool.   
 
